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CRUSHED PCC FOR DRAINABLE BASE MATERIAL 

Objective 

The objective of this study was to focus on the utilization of crushed portland cement 

concrete (PCC) for a drainable base material, and determine if a drainable base 

consisting of crushed PCC material will perform as well as a drainable base consisting of 

virginaggregate that has a two fractured face requirement. 

There was also concern that the drainable bases using crushed PCC would have a 

clogging effect on the drainage system due to excess precipitate (leachate) coming from 

the crushed PCC sections. Several states have experienced leachate on similar projects 

inthe past. A leachate is defined as a separation or dissolving out of soluble constituents 

from a rock by percolation of water. 

Scope 

The project was designed with the objective of comparing the cost and 

effectiveness of three drainable bases containing of 100% crushed PCC, 100% virgin 

aggregate,or a 50 - 50 blend of each. 

This study was implemented to determine if the degree of leachate would increase 

or decrease as compared to the previous year. And whether the leachate would 

accumulate to the point that it threatens the drainage performance of the pipe and ultimately 

the durability of the pavement structure. 

Anoptical camera was used to evaluate the condition of the 4" perforated pipe used 

inthe edge drain system and will be discussed later in the report. 
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Experimental  P roject ND 95-02

I-29 NB, S  of Jct. ND17, N to Herr ick Intrchg.
(MP175.1 to MP183.15)

Location

The project is located in Walsh County, North Dakota, on I-29 just south of  

17 running north to the Herrick Interchange, northbound. The project starts and ends at mile

markers 175.1 and 183.15, respectively.  

junction

The project length is 8.050 miles.



Traffic 

The one-way traffic estimates for the northbound lane are shown below in Table 1. 

Year Pass.  Car Trucks Total 30TH Max Hr Rigid EASLs 

1996 1,410 550 1,960 240 780 

1997 1,430 550 1,980 220 820 

1999 1,980 560 2,540 255 825 

Table 1 

Details identifying the project location and additional section information are 

included in Appendix A. An overall view of the project is provided in photo 1. 

Photo 1. Overview of project location 
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Design 

Project IM-6-029(011)175 from Junction ND 17 North to Herrick Interchange was 

constructed in 1995 with a 4" salvaged base, a 4" cement treated permeable base 

equipped with edge drains, and 9.0" of doweled recycled PCC. 

Permeable base course for the project was designed with one-third of the project 

using 100% crushed PCC, one-third using virgin aggregate and one-third using a 50/50 

blend of crushed PCC and virgin aggregate. 

The permeable base course built with 100% virgin aggregate is located between 

stations 1821+52.0 and 1965+50.0. The permeable base course built with 50/50 blend of 

crushed PCC and virgin aggregate is located between stations 1965+50.0 and 

2109+00.0,and the permeable base course built with 100% crushed PCC is located 

betweenstations 2109+00.0 and 47+08.67. 

Construction 

Constructionbegan on IM-6-029(011)175 (NB), on June 5, 1995. It was awarded to 

Progressive Contractors, Inc., based in Osseo, Minnesota. 

The Materials and Research Division of the North Dakota Department of 

Transportation(NDDOT) visited the site on several occasions during construction. Project 

engineer Richard Parton said the contractor experienced no major problems working with 

the three different permeable base materials that would warrant preference of one over the 

other.  Construction on the project was completed on July 23, 1996. 

4 



Evaluation 

Materials and Research conducted the final evaluation of experimental project ND 

95-02 on August 28, 2001 and September 11, 2001. The evaluation consisted of an 

internalinspection of the edge drain system. The purpose of the edge drain inspection was 

to monitor leachate formation as it relates to the different base materials utilized on this 

project.  These results will be compared to the initial inspection of the edge drains 

performed immediately after construction in the fall of 1995. Also included are visual 

observations of the edge drain headwall condition, and condition of the pavement at the 

generallocation of each inspected edge drain. 

A color flexiprobe inspection system manufactured by Pearpoint Inc., consisting of 

anoptical camera and a color monitoring unit, was again used for this purpose. A video 

cassette recorder was available to record any pertinent information that might be of use in 

future inspections of the same pipes. There were no significant changes to the internal 

edge drain system; consequently, a video recording of the edge drains using the optical 

camera was not included in the final evaluation. 

A visual inspection of the headwall outlets showed that most of the discharge pipes 

had been previously draining. Physical condition of the headwalls was excellent; however, 

6 of 10 (60%) were either covered with grass clippings or had significant amounts of grass 

clippings in the headwall drainage path that could cause potential damming. The headwall 

was missing at Station 1875+35L. Since the headwall was not in place, the rodent screen 

was also missing , allowing potential entrance of small animals. 

The drains that were experiencing ponding of water, during the initial observation, 

were absent of water during the following evaluations. During the final evaluation, the edge 

drainsystems were either dry or had condensation on top of the pipe. Unlike the initial 

scoping of the edge drains in 1995, the weather conditions were warm and dry for several 

days prior to the subsequent evaluations. 
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Permeable base containing 100% crushed PCC 

The analysis was expanded to include additional edge drains during the third annual 

evaluation.  The location of edge drains evaluated in this test section are as follows: 

Sta.2162+50L,Sta.2160+60L, Sta.2140+00L, and Sta.2137+50L. 

As in previous evaluations, the edge drains in this section were not experiencing 

anysignificant problems relating to leachate settlement in the pipes. Some isolated areas 

are experiencing a substance or residue adhering to the pipe walls to a depth 1/3 to 1/2 of 

the pipe. 

The headwalls in this section were in excellent physical condition. Two (2) were 

covered,or contained a significant amount of grass clippings . 

The final evaluation identified approximately 210' of longitudinal cracking and four 

(4) transverse cracks in this test section. Approximately ten (10) corner breaks were also 

noted. 

During the final evaluation the roadway pavement (observed approximately ± 100‘ 

either side of headwall) was experiencing small corner cracking of pavement panels, and 

spalling of the edges at the connection of the driving lane and shoulder. Frequent corner 

cracking,spalling of cracks and breaking up of corners was observed. Photo 2 shows a 

typicalpavement distress in this test section of the project. The longitudinal shoulder joint is 

separating at several locations. The separation is 3/8" to 1/2" in areas. 

6 



Photo 2. Typical Pavement Distress (Sta. 2160+60L) . Note 
the snowplow marks on the shoulders. 

Permeable base containing 50% crushed PCC and 50% virgin aggregate 

The analysis was expanded to include additional edge drains during the third annual 

evaluation.  The location of edge drain evaluation in this test section are as follows: 

Sta.2073+00L,Sta.2068+50L, and Sta.2004+75L. 

As in previous evaluations, the edge drains in this section were experiencing no 

significant problems related to leachate settlement in the pipes. Again, as in previous 

evaluations, some isolated areas are experiencing a substance or residue (approximately 

1/3 to 1/2 the depth of the pipe) adhering to the pipe walls, as well as collecting small 

amounts of soil. No standing water was observed in the pipes. 

The drain pipe at Sta.2004+75L was observed to be dented approximately 90' 

from the headwall as observed in the fourth evaluation. The pipe is crushed approximately 

164'  from the headwall (observed in the fourth evaluation); however, a 3/4" gap for material 

passage remains and sediment build up was not noted at this location. It appeared that the 

structuraldamage is not affecting the performance of the system. The headwalls in this 

sectionwere in excellent physical condition. Three (3) were covered, or contained a 

significant amount of grass clippings. Photo 3 illustrates the grass covering the headwall at 

Sta.2073+00. 

Photo 4 shows a typical pavement distress in this test section of the project. 
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Photo 3. Grass covering headwall (Sta. 2073+00L). 

The roadway pavement, (observed approximately ± 100' either side of headwall), 

is experiencing spalling of the edges at the longitudinal shoulder joint. Fewer corner cracks 

were noted in the super elevation portion of this test section. Transverse cracking in the 

shoulder was also noted. Approximately 60' of longitudinal cracking was observed in this 

test section. The longitudinal shoulder joint is separating at several locations. The 

separationis 3/8" to 3/4" in some locations. 

Photo 4. Typical Pavement distress (Sta. 2004+75L). 
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Permeable base containing 100% virgin aggregate 

During the first annual evaluation one of the edge drains scoped in this section was 

experiencing a significant amount of sediment or leachate accumulating on the bottom of 

the pipe. The analysis was expanded to include additional edge drains during the third 

annualevaluation. The location of edge drains evaluated in this test section are as follows: 

Sta.1927+80L, Sta.1875+35L, and Sta.1852+45L. 

During the third evaluation it appeared that the amount of sediment had decreased. 

The final evaluation indicated approximately the same amount of sediment present. This 

sectioncontained more sediment in the drains than the other two test sections. During one 

ofthe earlier evaluations, a small amount of the leachate material was recovered and taken 

to the central laboratory for testing and found to have a PH of approximately 8.25. Mineral 

leachate from cement related materials is calcareous in nature and would tend to have a PH 

higher than 8.74. This may indicate that the material in question would be more inorganic in 

nature.Additional material was not recovered during the final evaluation. 

The drain pipes were dry with no standing water observed. The general physical 

conditionof the pipes is excellent. 

The headwalls in this section were in excellent physical condition; however, the 

headwall at Sta.1875+35L was missing (Refer to Photo 5). Consequently, the drain pipe 

was open and there is a potential for damage by mowers but more importantly to become 

plugged and not allow water to drain from the pipe. Without a rodent screen, an open 

entrance for rodents exists. Sediment or grass clippings were observed in the other 

headwalls. 
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Photo 5. Headwall missing (Sta. 1875+35L). 

The roadway pavement, (observed approximately ± 100' either side of headwall), is 

experiencing corner cracking of pavement panels, and spalling of the edges at the 

connectionof the driving lane and shoulder. Photo 6 illustrates the typical pavement 

distress in this test section of the project. 

Photo 6. Typical Pavement Distress (Sta. 1875+35L). 
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Summary 

Materials and Research observed and evaluated several edge drain pipes located 

inthe three different permeable base course sections. These sections were composed of 

either 100% Crushed PCC, 100%Virgin Aggregate, or a 50/50 Blend of Crushed PCC 

and Virgin Aggregate. Evaluation of the three permeable base sections does not indicate 

thata significant amount of leachate or sediment has accumulated over the past six years 

ofservice. 

The evaluation detected a material that is similar to a leachate or soil sediment. 

Some of this material is present in all three test sections; however, volumes are not 

sufficient  to prevent proper operation of the edge drain systems. This material is collecting 

onthe bottom and on the sidewalls of the pipes, and appears to follow the flow level of the 

pipe. The depth of flow appears to be approximately 1/3 to 1/2 the depth of pipe as 

indicated by the residue remaining on the wall of the pipes. 

After the final evaluation, there still appears to be no correlation between the amount 

of leachate/sediment detected and the crushed PCC utilized as base material.  As in past 

evaluations, there is slightly more leachate or sediment being detected in the section 

containing 100% virgin aggregate. 

Longitudinaland transverse cracking was observed in all test sections. The amount 

ofcracking is very minor in each section and there is not a sufficient amount of cracking in 

one section vs. another section to state that one permeable base reduces or increases the 

amount of cracking in PCC Pavement. 

The edge drain systems continue to be in excellent condition, with the exception of 

ofgrass clippings covering the head walls. The headwalls should be kept clean to prevent 

damming of draining water and material, which could result in flow restrictions in the edge 

drainsystem. Results obtained from experimental project ND 98-03, ( Vegetation Barriers 

Around Headwalls of Edge Drains), indicate that the use of vegetation barriers can be 

effective in decreasing the accumulation of grass and grass clippings thereby reducing 

headwall maintenance. 

The headwall at Sta. 1875+35L is missing and should be replaced as soon as 
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possible to prevent damage to the drain outlet pipe and keep rodents out of the edge drain 

system. 

Past evaluations indicated longitudinal cracking and transverse cracking in the 

100% Crushed PCC test section. Observations during this final evaluation indicate 

cracking,spalling, and break-up of corners in panels on all three test sections. Cracking 

and spalling of the edges at the driving lane / shoulder joint, were commonly observed in all 

three test sections. There appears to be a general increase in pavement distress in all test 

sections which is expected as the pavement ages; however, the ride continues to be 

excellent in all of the test sections. 

There appears to be no increase in leachate and/or pavement distresses when 

recycled PCC Pavement is used as a drainable base material. 

Recommendation 

Initialobservations immediately after construction and this final evaluation (six 

years later) found no evidence of leachate or sediment clogging the drainage system. 

Ponding water observed in the drainage system is due to construction of the drainage 

system (not maintaining the proper grade) and not the result of leachate or sediment 

clogging the drainage system. 

It is recommended that 100% recycled PCC pavement that is crushed be utilized in 

the construction of permeable bases. 
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